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Abstract. Luminous extended emission-line regions (EELRs) on kpc scales
surround a substantial fraction of steep-spectrum radio-loud QSOs. Although
their existence has been known for over three decades, there are still major un-
certainties on the physical processes responsible for their complex morphology
and kinematics. We are obtaining deep integral field spectroscopy for a sam-
ple of EELRs around QSOs at z≤0.5 with the Integral Field Unit (IFU) of the
GMOS on the Gemini North telescope, aiming at extracting accurate kinematics
of the EELRs, measuring important physical parameters (e.g., density, temper-
ature, metallicity) and reliable intensity ratios of diagnostic emission lines from
individual clouds that comprise an EELR. Here we present results from the ob-
servations of the EELR of quasar 4C37.43. We show maps of gas kinematics
measured from the [O iii] λ5007 line and line-ratio diagnostic diagrams compar-
ing the data with predictions from ionization models. We find that the ionized
gas shows rather complex global kinematics, while linear velocity gradients are
often seen in individual clouds. Pure photoionization by the QSO continuum is
the most likely ionization mechanism for most of the EELR clouds.
About one third of low-redshift steep-spectrum radio-loud quasars are sur-
rounded by massive ionized nebulae that often extend to several tens of kpc from
the nucleus. These extended emission-line regions (EELRs) are important be-
cause they may reflect a key stage in a quasar’s life, when it violently expels gas
from its host galaxy (Stockton et al. 2002, 2006; Fu & Stockton 2006). Integral
field spectrographs on large telescopes are powerful tools to study the EELRs.
Here we present results from our recent study of the 4C 37.43 EELR, which is
the most luminous EELR known among QSOs at z≤0.5.
4C 37.43 was observed with the GMOS/IFU in two configurations in the
early half-nights of 2006 May 23 and 24 (UT): (1) Twelve exposures of 720 s
were obtained with R831 grating and the full-field mode (IFU2) to cover Hβ
and [O iii] λλ4959,5007 lines. The telescope was dithered on a rectangular grid
of 6′′ × 4′′ centered on the QSO, so the final FOV is 13′′ × 9′′. (2) Five 2400-s
exposures were taken with B600 grating using the half-field mode (IFUR) to win
a wider spectral coverage by losing half of the field (FOV shown in Fig. 1). The
resulting datacube includes emission lines from [Nev] λ3425 to [O iii] λ5007.
The IFU datacubes (x,y,λ) carry a large amount of information. Due to
the space limit, we discuss only the gas kinematics and the line-ratio diagnostics
here. The full analysis will be presented elsewhere (Fu & Stockton, in prep.).
(1) Gas kinematics were measured from the relatively isolated [O iii] λ5007 line
in the mosaicked IFU2 datacube. As shown in Fig. 1, the EELR exhibits rather
complex global kinematics. The relative line-of-sight velocities range from −700
to +300 km s−1, and obviously most of the luminous clouds are blueshifted.
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Figure 1. Velocity field of 4C 37.43 EELR derived from the [O iii] λ5007
line. When multiple velocities are present along the same line-of-sight, only
the component with the lowest velocity is shown. Pixels are 0.′′2 squares.
The crosses indicate the position of the quasar, which has been removed from
the datacube using a PLUCY-based PSF subtraction technique. The dashed
rectangle delineates the FOV of the IFUR datacube.
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Figure 2. Line-ratio diagrams are overplotted with model grids. The pure
photoionization model (Groves et al. 2004), shock-only and “shock + precur-
sor” models (Dopita & Sutherland 1996) are plotted in black, blue and green,
respectively. Measurements from various regions around 4C37.43 are shown
as blue circles, and red squares are data from four EELR clouds of 3C249.1.
Arrows are reddening vectors of 3 AV .
The velocity dispersions of most clouds are between 50 and 120 km s−1. (2) The
major ionization mechanism at work can be constrained by diagnostic diagrams
involving ratios of some optical lines. Figure 2 shows examples of such diagrams.
Line fluxes were measured from dereddened spectra (both Galactic and intrinsic
reddenings have been taken into account), which were extracted either from the
QSO-removed IFUR datacube or long slit spectra from Keck LRIS or DEIMOS.
The associated 1-σ errors were obtained using a Monte-Carlo approach. These
diagrams clearly show that the pure photoionization model best fits the data.
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